Background: Previous studies have revealed a weak to moderate relationship between pain and disability in individuals suffering from low back pain (LBP). However, to our knowledge, no studies have evaluated if this relationship is different between young and older adults.
INTRODUCTION
Low back pain (LBP) is one of the leading causes of absenteeism from work, worldwide. 1 According to the Global Burden of Disease (GBD) Project of the World Health Organization, LBP is now the most disabling pathology, well ahead of 290 other health conditions. 2, 3 Not surprisingly, this condition is also very costly for modern societies. For example, in the United States, the total expenses associated with LBP are estimated to be between $100 and $200 billion annually, with the majority of the costs attrib utable to decreased wages and productivity. 4 More than 80% of the population will be affected by LBP during their lifetime and, within a one-year period basis, 19% will experience a new or recurrent episode of LBP. 1, 5 Interestingly, data obtained from the GBD initiative reveals that the chances of suffering from LBP are higher in middle-aged individuals, with peak prevalence rates reported in individuals aged between 60 and 65 years old. 5 Although the prevalence of LBP slightly decreases after 65 years of age, 5 individuals older than 65 tend to be more frequently affected by severe LBP than their younger counterparts. 6 According to Salvetti and colleagues, the prevalence of disability -defined by the authors using an Oswestry disability index score ≥ 20 and absence from work for at least 30 days in the past year -is estimated at 65% in patients suffering from chronic low back pain (CLBP). 7 In the past years, the relationship between LBP and physical function has been studied by many researchers, with results showing the presence of a weak to moderate relationship between LBP intensity and disability. [8] [9] [10] However, these studies are generally conducted on middle-aged individuals or on age-heterogeneous samples, and it is still 4 unknown if the weak to moderate relationship observed between pain intensity and disability is the same in young and older individuals. Recent data stemming from epidemiological studies suggest that LBP could affect the physical function of young and older individuals differently. 2, 3 For instance, based on the data obtained from the GBD initiative, Buchbinder and colleagues reported that the disability burden per capita -calculated by multiplying the number of cases per 100,000 individuals by the average duration of the condition and by the disability weight -is higher in older age groups. 2 In their study, Buchbinder and colleagues investigated the effect of age on the disability burden of individuals with LBP; however, the relationship between LBP intensity and physical disability was not directly explored. It is therefore impossible to know if the increased disability burden reported by Buchbinder and colleagues in older individuals can be attributable to differences in the relationship between pain and disability in young and older individuals, or simply to the fact that the latter experience more pain than the former. 6, 11 Information regarding the effect of age on the relationship between LBP and disability is fundamental for rehabilitation specialists and other clinicians workin g with individuals affected by CLBP. Healthcare providers and policy makers generally assume that the weak to moderate relationship between pain and disability described in the general population is the same in young and older individuals. To our knowledge , no previous study has assessed whether the relationship between LBP and disability is affected by age.
The objective of the present study was to fill this knowledge gap by determining if the strength and the slope of the relationship between LBP intensity and physical disability 5 is different in young and older individuals.
METHODS

Data collection and participants
In order to achieve our objectives, a cross-sectional study design was adopted. The information, collected from the patients' medical files, included the intensity of the LBP at To be included in the study, patients had to be aged 18 years or older and have suffered from musculoskeletal LBP for over 6 months. Of the 547 patient files first identified, 292 were incomplete and were therefore excluded from the analyses. Among the 255 remaining files, 27 were excluded because of spinal pain of cervical origin, 28 because of pain from a neoplasic origin, and 27 because of a past back surgery. Nine other patient files were excluded because they were experiencing no pain at the moment of consultation.
Thus, 164 patients met the eligibility criteria and were included in the analyses (see Figure   6 1). The study's procedures were approved by the Research Ethics Board for Human Subjects of the CHUS and the rights of the participants were protected at all time.
Statistical analysis
To evaluate the effect of age on the relationship between LBP and disability, correlation between these variables was compared between young and older individuals.
The 2 age groups were created by splitting the sample into 2 equal groups using a median split approach. This resulted in the creation of 2 equal groups: a young group (n = 82), aged between 22 and 48 years old, and an older group (n = 82), aged between 49 and 90 years old. Separate Pearson correlation coefficients for young and older individuals were calculated to estimate the strength of the relationship in the 2 age groups, and a Fisher r -toz transformation was used to test for differences between the 2 correlation coe fficients. 13, 14 This allowed us to determine if the strength of the association between LBP intensity and disability was different in young and older individuals.
A linear regression analysis was also performed, with the variables "Pain", "Age group" and interaction between pain and age group ("Pain X Age group") entered as independent variables and the variable "Disability" entered as the dependent variable. This allowed us to determine if the slope of the association was different between young and older individuals. All statistical analyses were performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL). The significance level was set at p < 0.05.
Results
Patients' characteristics
Patients' characteristics are presented in Table 1 . As can be seen in this table, there was no difference between the 2 age groups for pain intensity and physical disability. The proportion of men tended to be higher in the young group than in the older group. However, the difference did not reach statistical significance (p = .06). The main diagnoses were herniated discs and multi-scale degenerative disc disease in the young group and central stenosis and multi-scale degenerative disc disease in the older group. The mean pain intensity and disability scores were high in both groups (all VAS scores > 6; all ODI scores > 22).
Correlation analyses
There was a significant and positive association between pain intensity and physical disability in the entire group (n = 164, r = 0.55; p < 0.01). The correlation analyses, performed after dividing the sample into 2 equal groups, showed that the association was still significant in both the young and older group. However, the strength of the correlation was stronger in the young group (r = 0.66; p < 0.01) compared to the older group (r = 0.44; p < 0.01) (see Figures 2A and 2B) . The difference between the young and older group was confirmed by Fisher r-to-z analysis (Z = 2.03, p < 0.05).
Linear regression model
The linear regression model revealed the presence of a significant "Pain X A ge group" interaction (p < .05), suggesting that the slope of the pain-disability association was different in the 2 groups. Analysis of the regression lines revealed that the relationship 8 between pain and disability was steeper in the young group compared to the older group (see Figure 3) . To further examine the effect of age on the relationship between pain and disability, a second regression model was performed with the variable "Age" left undichotomized. The results showed that, contrary to the previous regression model, there was no significant interaction between the "Pain" variable and the "Age" variable (p = 0.46).
DISCUSSION
The aim of the present study was to determine if the relationship between pain intensity and disability is different between young and older individuals suffering from LBP.
We found that the relationship between these2 variables was significantly higher in young individuals compared to older individuals.
The difference between the young and older group was revealed by the Fis her r-to-z test, as well as by significant "Pain X Age group" interaction of the linear regression model.
On one side, the Fisher r-to-z test confirmed that the strength of the relationship between pain intensity and disability was different in the 2 age groups. More specifically, the paindisability relationship was stronger in the young group compared to the older group, suggesting that pain explains a greater portion of the variance of disability in young individuals. Although the exact reason for this group difference remains unknown, many hypotheses can be proposed. For example, it is possible that factors other than pain (e.g., pain self-efficacy, mood, muscle strength, fitness level) could contribute to a greater extent to the perceived level of disability in older individuals than it does in young individuals, [15] [16] [17] hence reducing the proportion of variance explained by pain intensity in this portion of the 9 population.
On the other hand, the significant "Pain X Age group" indicates that the slope of the relationship is different between young and older individuals. It is important to note that the slope of the relationship was steeper in the young group, suggesting that an increase in pain produces more disability in young than in older individuals. According to the linear regression equations, the highest group differences are observed for individuals with high and low pain scores. For example, in patients with a VAS pain score of 1.0, the group difference in ODI score is estimated at 5.2, compared to 1.3 in individuals with a VAS score of 5.0 and 3.5 in individuals with a VAS score of 10.0. Although no single agreed -upon minimal clinically important difference (MCID) score was established for the ODI (the proposed MCID scores range from 5 to 17 points [18] [19] [20] [21] [22] [23] ), the relatively small group differences observed suggest that the significant "Pain X Age group" interaction noted in this study is probably of little importance, at least from a clinical point of view.
Remarkably, no interaction was found when age was used as a continuous variable.
These results suggest that age does not affect the slope of the relationship in a continuous manner. Instead, it seems as if the relationship between pain and disability stays the same until a certain age is reached. Only past this point (i.e., 49 years old) would the slope of the relationship differ significantly. Worded differently, this means that the relationship between pain and disability would be similar for an individual aged 35 and an individual aged 45, but would be different for an individual aged 45 and an individual aged 55.
Interestingly, the 49 year cut-off point used in this study corresponds to the age above which the changes in muscle mass and muscle strength start to become more pronounced. [24] [25] [26] These observations support the idea that factors other than pain (e.g., muscle strength) would play an increasingly important role in the physical functioning of older individuals.
Relationship between pain and disability
Past studies have revealed the presence of a weak to moderate relationship between LBP intensity and physical disability. [8] [9] [10] For instance, Bean and collaborators 8 
Relationship between pain and disability in young and older individuals
To our knowledge, only one study has evaluated if the relationship between pain and disability is affected by age. 27 In this study, performed by Lewandowski and colleagues in a population of children suffering from recurrent headaches, the authors noted that the relationship between pain intensity and physical disability (measured using the Fu nctional Disability Index) 28 
Limitations
From a statistical point of view, the decision to break a continuous variable into 2 or more categories is always questionable, notably because of the necessity of choosing one (or several) cutoff point(s) to divide the variable. In the present study, the "Age" variable was dichotomized using a median-split approach, resulting in the creation of 2 equal groups of 82 patients with LBP: one group of young individuals aged between 22 and 48 years old and one group of older individuals aged between 49 and 90 years old. This entails that the cutoff point used was driven by the characteristics of the patient sample (i.e., the age of the patients), and one can wonder if the pattern of results described in this study would have been different with a different patient sample and cutoff point. These questions are particularly pertinent when we consider the absence of significant interaction when the "Age" variable was left undichotomized and the unequal age span between the 2 groups (26 years for young group and 41 years old for the older group). The decision to dichotomize the "Age" variable was motivated by the objectives of the study and by the statistical analyses approach used. In particular, the Fisher r-to-z analysis (which allowed us to test if age affects the strength of the relationship between pain and disability) requires the creation of 2 separate groups. Given the absence of data suggesting that a certain cutoff point should be used for age dichotomization, dividing the "Age" variable by using a median-split approach appeared to be the better option.
Another important limit concerns the possible generalizability of our results.
Because participants were all recruited from the Spine Clinic of the CHUS, one can wonder if the results obtained from this group of patients would also have been found in a more general LBP population. Although we cannot completely rule out the possibility that our results are limited to a certain portion of individuals suffering from LBP, this appears unlikely, given the nature of the patient population seen at the Spine Clinic of the CHUS (i.e., patients who are highly disabled who are referred for surgery, but also lighter cases of patients who are referred for a second opinion on non-surgical CLBP management). Thus, our results are probably generalizable to a large proportion of the CLBP population.
Moreover, it should be noted that several factors known to affect pain and disability were not included in the analyses. For example, it would be interesting to know if the conclusions are the same after adjusting for smoking status, 29 opioid consumption, 30 and psychological factors (e.g., anxiety 31 , catastrophizing 32 , beliefs and fears regarding current and future work tolerance 33, 34 ). More information regarding the characteristics of the patients (e.g., work status, access to a disability pension plan) would also have been useful in the interpretation of the current results. Unfortunately, this information was not available to the researchers.
Finally, the group differences observed in the diagnoses of the 13 participants is also an important limitation. Young individuals suffered, mostly, of degenerative disc disease (DDD) and herniated discs, whereas older individuals were generally diagnosed with DDD and central stenosis. It is therefore difficult to conclude if the pattern of results observed in this study is due to the group difference in age or in diagnoses. Future studies should be wary of this potential confound.
CONCLUSION
To our knowledge, this study is the first of its kind to determine if the relationship between LBP intensity and physical disability is influenced by age. The results show that the strength and the slope of the relationship between pain and disability are different in young and older individuals. Future, ideally multicenter studies should be performed to see if these findings can be replicated and observed in other pain populations, and to determine if the differences between young and older individuals truly tend to appear after 49 years of age. 
